This article discusses the ability of the Cellular Automata (CA) Markov method to project rice sufficiency by considering the conversion of massive rice fields, such as the ones in Indonesia. The conversion of rice fields into land use for non-farming due to the rapidly growing population, industry and economic needs is increasingly affecting the rice self-sufficiency. With the development of remote sensing techniques, such as CA Markov, which has been used for years in spatial change projection, there is a need to assess the rice field conversion and its impact on the rice field self-sufficiency. The process is not solely based on CA Markov but also includes an object-based classification method utilising multi-temporal spot image data to derive land use maps, CA Markov for rice field conversion projection and rice self-sufficiency assessment, which was developed by assessing the availability of rice, consumption and production. Using the Indramayu district as the study area, the results indicate that within the next 20 years, the rice field area will decrease, and the impact on rice self-sufficiency will be 5.34 for Business as usual (BAU) and 0.47 when considering population growth. The previous research validated the results and indicated the efficiency of this method for rice self-sufficiency projection. Moreover, a management assessment was also conducted and indicated that in order to maintain rice self-sufficiency, innovation in the planting and seed systems as well as in farmers' welfare management, such as incentives and subsidies, local food diversification systems and innovative food technique development to support food diversification, should be considered.
INTRODUCTION
Agricultural land has an important function in the sustainability of food production across generations as well as in cultural values. However, the continuing existence of agricultural land is faced with critical pressures due to massive infrastructure, suburban and business area development. The economic and population growth may become the triggers of this land conversion (Azadi et al., 2010) . Neither developed nor developing countries can avoid this land conversion phenomenon, including Indonesia. In Indonesia, one of the critical issues is the conversion of rice fields, as it has a permanent impact on and represents a genuine risk to national food security (Pasandaran, 2006; Irawan, 2005) . The rice fields that have been converted to other uses are unlikely to change back (Pasandaran, 2006) . Similarly, the efforts to build new rice fields do not compensate for the loss of production, as it takes a long time to develop high productivity levels (Pasandaran, 2006) .
In recent decades, the rate of rice field conversion has been increasing. Mulyani et al. (2016) performed a remote sensing analysis of the nine provinces of Indonesia from 2013 to 2015, estimating a rice field conversion of 96,512 ha/ year, with the conversion rates varying between high (>4%/year), moderate (2-4%/year) and low (<2%/year). Presuming moderate conversion rates, only around 200,000 ha of rice fields will remain by 2045, compared to 1.7 million ha in 2014 (Mulyani et al., 2016) . At least 50,000 to 100,000 hectares of rice fields are lost each year, either due to land conversion or to the stagnant regeneration of farmers, which results fields no longer cultivated by farmers (Pikiran Rakyat, 2016) .
The extent of rice field conversion nationally has become a science-based spatial issue rather than strictly a statistical issue. Remote sensing has been generally utilized to assess land cover and the land use changes directly related to rice field conversion. For example, the United States Department of Agriculture has developed land cover maps derived from yearly satellite imagery in order to emphasize the situations that would need special attention, propose solutions to key problems as well as suggest suitable practices and universal guidelines for the cropland data layer (Lark et al., 2017) . Indeed, Wang et al. (2016) utilized land cover and land use changes developed from multi-temporal remote sensing data in a spatial regression model to provide more accurate policy recommendations. Many methods have been established to assess the changes in land cover and land use, from simple change detection to the CA Markov model, which could be used to predict cropland conversions. Considering that rice is a main staple food in Indonesia, the assessment of rice field conversion should project the self-sufficiency of rice production to support the food security programs. The effectiveness of remote sensing analysis in food security projection and determination of the best management parameters for responding the projection are the main research questions in this article. Therefore, this article intends to assess the ability of the CA Markov method to project rice field conversion and its related impact on rice self-sufficiency. A management issues assessment was also implemented for assessing the possible scenarios to achieve self-sufficiency. The Indramayu district -West Java province where the largest areas of rice fields are found, also characterized by the highest conversion rate of about 1.80% per year (Butar Butar, 2012), was selected as the study area.
DATA AND METHODS

Area study
This research was performed in the Indramayu District, West Java Province, Indonesia. Geographically, the district is located at 107º52'-108º36'E and 06º15'-06º40' S ( Figure 1) . Administratively, the region consists of 31 subdistricts and 309 villages. The district covers an area of approximately 209,942 ha, with a long coastline of approximately 147 km that stretches along the north coast of Java Island. The district lies at the north coast of Java Island, its physiographic is lowland with a slope of less than 8%, covering 56% of the area. In the Indramayu District, one of the rice production centers in Indonesia the dominant land use involves paddy fields which cover >60% of the district. This is in accordance with the research conducted by Ambarwulan et al. (2017) about the suitability of paddy fields in the Indramayu District. It was stated that more than 70% of the paddy fields in this district belong to the S2 category (suitable) and the rest are in the S3 category (marginally suitable).
Method
An object-based supervised classification method was implemented to derive land use maps. The land use maps were developed from SPOT 6 images, obtained in 1994, 2008 and 2015. This method was selected, because it is currently experiencing rapid advances in spatial resolution that correlated with the optimal segmentation scale and study area (Ma et al., 2017) . The land use objects were classified into three classes: irrigated rice fields, rain-fed rice fields and not rice fields. Then, the impact of the rice field transformation on food security was assessed using the methods described in the following chapter.
Projection of rice field availability using the Markov method
The CA Markov method was used for assessing the projection of land use change. This method was selected due to its ability to look for future probabilities by analysing current probabilities, with the goal to project the future (Render, 2006). The CA Markov model is a mixture of the Markov chain procedure and the concept of a cellular automata filter (Mondal et al., 2016; Hou et al., 2005) , and it can be expressed as follows:
where: S is the cellular states, N is the cellular field, t and t + 1 are different times and f is the conversion rule of cellular states in local space.
The Markov model is a concept based on the procedure of developing Markov arbitrary system for the forecast and an ideal method of control theory (Mondal et al., 2016) . Considering the conditional likelihood formula, the forecast of land use changes can be calculated by means of equation (2) 
where: S(t) and S(t + 1) are status of the system at time t or t + 1; Pij is the conversion possibility matrix in a situation calculated as the following equation
where: P is the Markov conversion matrix, n is the number of land use/cover types in the target area, i, j is the land use/cover type of the first and second time period, and Pij is the possibility of conversion from land use/cover type i to type j.
In the conversion matrix, every rate is a nonnegative value, with every line factor from 0 to 1. The approximate of Markov chain is based on the relative frequency of conversions observed over the total time period. The result of the approximation can be used for forecast (Mondal et al., 2016) .
Assessing rice production and consumption
The amount of agricultural land will continue to diminish even though the demand for food is expected to increase by 50-60% (Widayati, 2015) . The question that arises is how people can be fed, considering that everyone has the right to food and that this right must be guaranteed by the government (Widayati, 2015) . Therefore, the equation of Rahman (2001) was employed to assess the need for rice, as determined by the area of rice field conversion, production and population, and can be illustrated in the following formula:
where: Rn is the availability of rice,
Ato is prior area of rice field, At1 is area of rice field conversion, P is the population and Rp is rice consumption/person In this case, the availability of rice = the need for rice = minimal food security.
Meanwhile, the rice self-sufficiency can be understood as the ratio of net rice production to the actual rice consumption (Abrar, 2008 ; Adelina et al., 2013; Baliwati, 2014, and Asmarani, 2016), as follows:
where: RS is rice self-sufficiency, PR is net rice production and CR is rice consumption
The category of rice self-sufficiency refers to the food and nutrition awareness system (SKPG) presented in Table 1 (Ministry of Agriculture, 2014)
The rice self-sufficiency ratio then becomes an input for the management scenarios, which will be assessed based on a literature review.
areas. Such areas are generally the best sites for industrial, settlement and other infrastructure development. In addition, their accessibility and strategic geographical location, including the central business regions such as Bekasi, Bogor and Bandung, also lead to rice field conversion. The land rent value for agricultural land is usually lower when compared to the industrial and residential land (Kamilah, 2013; Barlowe, 1978) . Moreover, Kamilah (2016) Kamilah, 2016) . Thus, it is unsurprising that most land conversion in Indramayu has occurred as a result of the developments in settlement and industrial lands.
Rice field conversion is responsible for the lack of rice (Rn), which amounted to 232.48 kg at the end of 2015. The calculation was based on the total population of the Indramayu District in 2015, approximately 1,718 million people (BPS, 2015), considering the average annual rice consumption of about 102.38 kg/person/year (Ministry of Agriculture, 2015; BKP, 2010). However, rice self-sufficiency in the Indramayu District did not appear to have been disturbed by the conversion of rice fields. This was indicated by the analysis of rice self-sufficiency ratio (about 5.34 in 2015). The assumption for this calculation was that the rice production in the Indramayu District amounted to 70 kw/ha (BPS, 2015). The abovemetnioned ratio of rice self-sufficiency was close to that found by Asmarani (2016) , which reached about 4.75, and that found by Saputra (2015) , which approximated 4.95. The slight differences in these values were likely related to the source of data, which included remote sensing or spatial data assessment in the present study and statistical data in the previous ones.
Considering that the ratio exceeds 1.1.4, the Indramayu District was experiencing a surplus and could maintain its role as one of the national rice barns. Similarly, Asmarani (2016) found that the Indramayu District had a rice surplus from 2011 to 2015, but the rice self-sufficiency declined by as much as -1.76% for 2011 to 2015. According to Luan et al. (2013) , the decreases and Table 1 . The ratio of net production to actual consumption (Ministry of Agriculture, 2014)
Indicators
Value of RS Category
Ratio of net rice production and rice consumption >1.14 surplus 0.9 <RS<1.14 self-sufficiency
<0.9 deficit
RESULTS AND DISCUSSIONS
Rice field conversion and self-sufficiency
The land use classification of irrigated rice fields, rain-fed rice fields and not rice fields in 1994, 2008 and 2015 indicated that rice field conversion occurred in the Indramayu district ( Figure 2 , Table 2 ).
The area of irrigated rice fields has continued to decline over the last 21 years, with about 3,140 ha having been converted into other usages. Meanwhile, the rain-fed rice fields have not significantly diminished (just about 143 ha have been lost). The case for rice field conversion was correspondingly noticed by Asmarani (2016) , who presented that the production of rice in the Indramayu District has decreased at an average of 4.16% per year from 2011 to 2015. She stated that rice field conversion was one of the reasons for the decline in rice production Most rice fields in the Indramayu District are irrigated, and they are usually located in lowland increases in the self-reliance ratio of foods could be caused by an increase in the gap between the rate of growth of production and the rate of food consumption. With a rate of population growth of approximately 0.5% per year in 2015, a problem in the growth of production related to rice field availability could be projected.
Projection of rice fields and rice sufficiency
Currently, the rice field availability is one of the crucial parameters for maintaining food selfsufficiency. Using the CA Markov analysis, the projection of rice field availability until 2035 can be seen in Figure 3 and Table 3 .
The result of spatial projection under the business as usual (BAU) condition indicates a decrease in the area of irrigated rice field of 3,139.32 ha and in rain-fed rice fields of 270 ha within the next 20 years. This projection ignores the pattern of suburban, business, or infrastructure development, population growth and other socio-economic factors and is simply based on CA Markov projection only. However, when the population growth is considered in assessing the rice consumption, there is the decrease in the rice self-sufficiency value to 0.47 for the year 2035, in contrast to the slight decline in the rice field area projection. The population rate is assumed to be 0.5% per year and the production per ha is assumed to be 70 kw/ha, with no further technological input. Hence, within 20 years, the rice self-sufficiency in the Indramayu District will no longer exist (rice self-sufficiency value < 0.9). Despite the need to further assess the rice field projection by employing critical rice field , 2013 ), but its effectiveness in stopping land conversion remains unknown since the settlement development is on-going. Importantly, the assessment indicates that the CA Markov method can be employed to project the rice field conversion and its impact on the rice self-sufficiency.
Rice production management issues
The solutions to overcoming the failure of rice self-sufficiency were also assessed here. The main idea is that the rice self-sufficiency can be maintained through increased production and decreased consumption of rice. Increased rice production can be achieved through the implementation of a rice production intensification programme to improve productivity. Nahayo et al. (2017) supported the idea that the crop intensification programme (CIP) is an answer to land fragmentation, low use of agricultural inputs and low access to extension services.
Initially, agriculture intensification was pursued by the Panca Usaha Tani (five-farming) programme, covering the following activities: (1) good soil processing, (2) regular irrigation, (3) selection of best quality seeds, (4) fertilisation and the (5) management of pests and plant diseases (Zaini, 2009 ). The Panca Usaha Tani (fivefarming) programme then changed into the Sapta Usaha Tani (seven-farming) programme with the addition of (6) post-harvest and (7) marketing strategies (Rohi, 2008) . These programmes were successful in bringing the crop self-sufficiency to the nation in the last few years. Currently, this programme needs to be improved by adding technology innovation. For this reason, the regional government of the Indramayu District has implemented Regent Instruction Number 3/2014 regarding the acceleration of technology innovation for rice using a double-row planting system (jajar legowo system) (Indramayu District, 2014). A double-row planting system is a rice transplanting system that involves making empty rows between 2-4 rows of rice plants, with plant spacing within rows that is half that of normal plant spacing (Erythrina and Zaini, 2014 ; Badan Litbang Pertanian, 2014). Double-row planting aims at increasing the number of plants per unit area, expand the influence of border effects and make plant maintenance easier (Erythrina and Zaini, 2014 ). This system is believed to have the second largest impact on increasing the rice production after fertilisation (Erythrina and Zaini, 2013) . Similarly, an innovation called PATBO (Controlled Rice Aerob with Organic Material Use) has also been developed. PATBO SUPER is a package of technology-specific rice cultivation on rain-fed land using a water management base and organic materials to ensure high productivity while potentially increasing the cultivation index (IP) (jpnn, 2017). The yield per rice tiles showed that the application of PATBO SUPER could increase the rice productivity by 33% (jpnn, 2017). This innovation can also be applied within the rice rain-fed area in the Indramayu District to improve production. Agricultural intensification can be obtained not only by strengthening the collective capacity of farmers in managing the rice field production, but also by providing incentives to the farmers, both individually and collectively. The regional Indramayu government has launched an agricultural insurance programme to protect farmers. In the United States, the main direct mechanism through which agriculture is subsidised is the government-administered crop insurance and denotes more than $100 billion in liabilities every year, as well-designed and executed policies are crucial for aligning sustainability incentives and enabling agricultural productivity growth in the future (Woodard, 2016) . Incentives and subsidies for promoting sustainable crop intensification (SCI) have been recognised as a way to escalate the crop productivity and improve livelihoods in rural areas; the concept of SCI can also be applied in managing national rice field production. Incentives and subsidies promoting integrated pest control, small-scale mechanisation and mineral fertiliser usage on conventional cereal grains could result in a tremendous growth in productivity and would bring 94% of the population out of poverty (Yami and Van Asten, 2017) .
Farmer groups should be strengthened at various levels to obtain the optimal sustainable rice product. This could also have an essential impact on protecting rights of the farmers in regional trade. Direct subsidies to farmers, such as beneficial prices for farmers, seeds and fertilisers, as well as incentives for farmers, such as tax breaks for the farmers that maintain their rice fields and scholarships for the young generation of farmers, would be beneficial. Hence, cooperative institutions are still needed at the village level. The governmental intervention in the future development of agricultural institutions must be strengthened (Suradisastra, 2006) . Therefore, the development of agricultural institutions and counselling programmes needs to be continued and advanced.
In addition, food self-sufficiency can also be pursued through the consumption patterns based on ensuring balanced nutrition and food diversification. Indeed, food diversification is a policy that should be urgently implemented to reduce the high demand on rice as a staple food. Local crops could serve as alternatives within villages or regions. Suyastiri (2008) assessed the diversification of consumption patterns by combining rice with other crops, i.e. rice-corn, rice-cassava, ricecorn-cassava, showing that it is possible to decrease the dependency on rice. This programme is accessible for low-income households within village areas. Furthermore, the development of technology has given rise to rice analogues, that is, artificial rice made from other crops including corn, cassava, sweet potato, sorghum, sago and daluga. The rice analogues which have characteristics similar to rice can be produced using an extrusion technique (Novisari et al., 2013) . However, the targets and marketing of such analogues require further assessment. Food diversification requires identifying and adopting nutritional patterns and crop variety that lower environmental impacts and improve health. The production systems based on the use of heterogeneous cultivars provide a variety of diets and hence contribute to improved human well-being and fitness (Dwivedi et al., 2017) .
CONCLUSIONS
The conversion of agricultural land into nonfarm development has a significant impact on food security. The study conducted in the Indramayu District illustrated that the status of rice production will change within this district from a surplus to a deficit due to the rice field conversion along with the population growth under the BAU state. The rice field conversion projection was developed based on a remote sensing assessment involving an object-based classification method and the CA Markov method, which has proven reliable in rice field conversion as well as in rice self-sufficiency projection. However, the management issues were not assessed in this study, although certain factors related to maintaining selfsufficiency were analysed, such as the consistent government policy. The factors that should be addressed to meet the needs of management policy include technological innovation in planting and seed system, farmers' welfare management (e.g. incentives and subsidised, local food diversification systems) and food innovation technique development to support food diversification.
